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PROBLEM TO BE SOLVED: To restrict generation of deformation and 
wrinkle in a collector due to the swelled active material thin film in charging 
and discharging in an electrode for a lithium secondary battery having a high 
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I 

ft. 

Ct^rPlfflUT. mItBx->g^>i?'At;^c$n^^<>:S:#«S 
■fk^ WRP£; J; ^. X 5^ > i/TS> * c t ^ t I§ 

1 ~ 3 ©ti-rn*^ i ^icsbro u ^'yix--Ammm 

WntSlfSH J; -6 X -y 5" > y Tfc -5 C t ^i^eS: t r Sit* 

mni^±\zwt<<f^i:my)^. nti^is<sonmm^mn»±\z 
tmvxmiiz-r^xmt. x-yg^>;yicj;ofl9gas«)g 
■ mm\zm?.^m^i^fs.-ri>xmt=&^tsz t^w&.t-r 
^m-^m5^rz\t6\zmi&<D>)^OA--^m.mmnm(D 

>cfmmf)^iti<Dmmziin^:iL'y^>ifm.mj: o tiii^^ 
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1 0 ] flt(iBfg«lS»Kfc?tT'5x-v5^>^^ 
A^ {t;^WRj£:i::J;Sx>;;5">ifT$.?>cii:*!^ISi:-r 

i>n-^m 7 ~ 9 ovi-rn*^ 1 3^tig«© u g^-? A-j»:m 
x'j7A, ifclixU 3 >yji^^x';7Aroi^sS'b U < « 
ft. 

t r si§*j® 1 ~ 1 1 ©v^-rn*^ i JSt-ESt® u ^-^ a 

13] U g^-^ASKBE • ttai-r-5S«lS»K 

gtlEffiti M»^7iW*-;5|6UC J^J« $ njt (C J; ^ T IS 

X>;7A. Sfc«->'j3>y;UV-'5ACD#SKfcL< 14 

•jg^C'Ax^mtefflms. 

#®tt-«.i§^jsi 3^tz\i-\ A\z%im.<r>^)=^'yh.-A 

30 

o):^mzj:K)nm^ntznmt.rz{t^-^mi s-i s© 

tKS/SS t *fSA C t t f -5 'J Ax^m 
[0 0 0 1] 

fflSS©Sit:5ft&l^'J g^-? Ax:;*:m?6fflmffi(cBir -5 

[0 0 0 2] 

[0 0 0 3] m.mm^^m.tLTU'^'yA^^^m^^^ 
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[0 0 0 41 cintcML. ^n(oiR\znm.i\:^mz^)^ 
mtLxm\<^^^)^OA-:knm'/)m^^nT\^^^ (so 

lidState Ionics. 113-115. p57 (1998)) • cn^co-^ 

ii:knmy)^mm^nx\^^^ mm^i 0-255768 

[0 0 0 5] 

v^02^zi:^mmmmmtLx. cvDm^rz\t::^/^y 
^')>cfmt^d(Dmmmf^:bmz^o. mmi^±\zuf^ 

«ffi«rti56bTlr^^ mm^l 1 -3 0 1 6 4 6^7^.C 

[0 0 0 6] :icoj:'5/iU5^':>Aii;^mte«mstri5i/i 
x^t. mmi^<Df^^f}^^!^nmm{zitWiT^:i tiz^ 

[0 0 0 7] Lii'^Lt^f)^i=>. ZO^otjiO^^'^l^-'Am. 

cn\zm^mnmmzs^^^\zX'Dxi.t>u^<D 
^mf)mmiz^^r^m^f)^^r:>rz. mzmmt^d<Dm 
mzs /vn^mm^mmi^iiLxm^^^rzm^. nmo^ 

mr^mi^[^\z:f6i^xi$^mf)mmr^rzsb. mmot^m 

[0 0 0 8] :^^mo)mmt. ^ikm^m'f)^^<. 
mi)''<^)i^mzmnrc u ^^A=i'Ammmmmxhr> 
X. ^iSLm{zf^^f^!^nmm(Dmm\z^ommmz^m' 

zMzcn^m ^^fz u ^o/x-'Amm^m^r^ z: t \z$> 

[0 0 0 9] 

m • i^^r^fB^nmm^mmt^±\zmmLxm^r^ 

^mf&L.. f^^mmm^m^mmz^mr^xmt^m 
^^ct^^mtLx\^^^. 
[0 0 1 0] mi<Dmmx\t. j^y^>cf\zj:K)m^n 



(3) #M 2003-17040 

4 

'^(DmwA(D^mz^^\&m'^z.?zt^x^. ^ 
[HicD^&sRjstcfli o m^nnfS^(Dmik\z^^ic^ti<D^ 

\zMnmz^m'^Lt>f)m±r^c:>^vimr^ztf)^x 

[0 0 11] ^^m\z^ijt'omi(Dmm{z:ii^^x\t. 
':^\^\zmz^^ i&mmmmm^s mm\zmm.^nx^ 

JO ^^f&.mmmmz:io^f^jiy^>^mmf)m<Dmmz 

mmmt. mm\z{!n^f)m^t^tirzmmi^<o±\zm^m 
mm^cyDm'^x/^yi^^)>'^mu^\z<kDmmvx 
m^r^m^\zm&^n^ztf)^iD:^^^x\^^^. 

\zmmf)mmLXf^^u. ^(D^^^^f^mm^^mcD 

20 mmmt. mm»mmo:>\Hi^o}^e^a:)±:fj\zmzf^^z> 
{zjf^j&^n. z<Dm^. mmi^mmcDmi^hcD'^mtfB^ 
mmm^m(Dm^(D^^^i^^mmzm0^^ti^. 
[0 0 12] :z<Dj:orj:i&mmmmz:h\^^x{t. mmco 
^my)^iS:\^^rzib. x.y^>^mm-fj^. ii^cDmmzit-<m 
<t^^o ^(DTzib. i&m&mmz:h\^^xMiimz:iLy^ 

\^\zmzS^<^^\zmf^^riX\^^^<DX\ :i(OXoUi&m 

^mm^x.y^>^r^zt\zj:D. m^y^mz^m^ 
mf^L. ^!^mmm^w\^mmz^w]r^:zLf)^x^ 

30 

[0 0 13] f^!^nmm\znr^jzy^>^tLx\t. 

it^^^fts\Z^^Jiy^>^^mmL\^^f)^. «?SWX>;/ 
^>{fX^^XhJ:\^K ^fz. x^y^i'>h'S:fflV^fciS 

Ll^^)^. CFA\Z^^Jiy^>Cf^. y^X-7Xy^> 

[0 0 14] :^^^\z:^i^xm!^nmm\zm^^iri^ii 
mt. 'j'^OA^fSim'WLaiir^z.ty)^xt^h(Dxh 

40 mzm^'^tl^h(DX\itfj:\^^t\ U^C>A<i:^^ 

itr^'z t \z^ 0 u ^^Jx^^mr^tmfjm^ v<m 

libn^o Z(DJ:ofj:UntLX\t. f>'Jz]>. y;Uv 
x«j7A. &\ v^;^'>r>A, T 

'>U3i>, yjv-^-OA. ^rz\tiy')^>^* 

iO [0 0 15] :*^9giC:tel/iTfg«7S»^^%«UTJ^^ 
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[0 0 16] ^%m\z:is\^^xm\^^^n^mmmt. 
^nx\<^^:itf)m^L^^o mmi^<Dmm^^^m^rz 

[0 0 17] f^^^nmm(Dj^y^>^\t. ±^<d^o\z 
LxMm»±\zm'^mmm^m^i.rz'^. nz>zty)^x 

\z. mmi^±\zmf^Lrzmf^nmm^mmT^:zt\z^ 

RUr>^-77i<.mm^d^jLy^>'i/mti.xm 
\^'^^z:tf)^x^^. '^>wiz^-cx. mf»tCrzx.y^>if 

mcou^. x.y^>^(Dm^u^\zj:om^m'm'r^z: 

[0 0 18] :^^m(Dm2<Dmm\z^^o ^j^oah-am 

nmmx^^x. m^':^\^\zmf&^nrz^m\z^':>xm 
^mmz^m^ntzm!^nmm^mmw±\zm'f^xm 
^mf)mf^^nrz±%^f^i^nmm^'^7.^ ti.xm 
mwm:m^x.y^>^r^zt{zj:o. ^^nmmo^ 
mzn^.i.rzm^mmmzmmr^i:mt^m^^:it 

[0 0 19] ^2C7)^Blc43^^Tli. m^yji^^zMf^-^ 

tirz^m\zj:^xw}^mmz^^m^txtim^smm^'^ 
;^^tUT, mm«^<D^m^xy^>^r^zt\z^ 

0. f^^nmrncD^mizn^t^LTzm^mmw^mzmf^ 

nx^feo. i^^moT:^a:>mmwmm\z\tmf)mmnx 
i^^o z^cDtz^. ^Wimz^ o ^mnnmcom^w ' 
^w\'^m,^(om 0 \zmf^-^rix\^^^'^mz^ o k^rt^ 
z,Li)^x^. ^^nnm(DB^' m^\z^^]:t:^ti^^^ 

mm(ommi^<Dmm\zm:f)mf^^nxi^^rzii>. mmn 
mmom^{z^K^mnmzt)^^^^ft^t}^. cco^m^^o 
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mo^»xm%Qr^z.tf)^x^^o seot, y^tscmzw 

[0 0 2 0] m2(Dmm\z^^^x\t. m^^mmmom^ 
m^<omo\z^mf)maL^nx:^D. ^^\z. m^nm 
iR<Dis/jN®«o^ 0 <DMnw<D^mz^mf)m0Si^nx 
i^-So z<orztb. mi(Dmm^K>h-^i^\zmmi^(D^m 

[0 0 2 1] m2o^ffi{c*5ir^T. ms<*t;:«r^x*y 

JO ^>^\t. it^KKf^-\Z^^X,y^>^X^^Z,tf)m 
^Jiy^y^ {Oj^yhx.y^>'^) X$>^Z.t.i)m^ 

[0 0 2 2] hX'>5^>i/tCfflti-2>X^y5^-^>h 
t.\.X\t. ««JS»K<tOt)5SVi3tff-cmm«i:^Xy5^ 

>^-r^t>07!^t<f ^L.<fflVie>n^o fgig5Ki§^<hL 

>^x':> A7^<c <h*;^^^»^ L < ffl b n^o 
[0 0 2 3] m2(Z)^ffi{r:tel^T, ^^.^ J^fife^n^cffi 

^m.nm:^mn»±\zwi\i^^izmt.. mmwnm^mm 
w±.\zmmi.xmf^r^ji^t. x.y^>^\zxy)f^^ 

ruib^. mh^i5mz?Bj(SL^m^T^ziz\z^K^f&m^ 
mm^wh^mz^mr^f^ i <z)j^ffi(7)xgT»'QTt> 

• ^:^\^\zmf^ $ nfc^^gS«t::Yc^-:> TX 5^ > y AVj: 

[0 0 2 4] ^fz. :i(Dm^s ^i(Dmmtmm(Dij^ 
{z^K^m^mmm^:iiy^>^r^z,tf)^x^^o f^m 

[0 0 2 5] :^^m(Dm3(Dmm\z^i^'D'J9-0Azi:f:m 

mi¥±\zmmLxm^vrz u A-'Anmmnmx$^ 

0. fs^nmmf)m^:^mzmfi^'^nrz^m{z^'ox^ 
n^mmzi^Pi-^nx^o. t)^r:^mmi^mm\zm!^nmm 

40 (0^mZ')^^-{ytimi)m^'^tiX\^^^Z,ti:^^t: 

[0 0 2 6] ^^(Dmmz'^o u^^A=i;>^s*fflms 

tl. ±iem2O^Blc«£^KjS;5&{cJ;0SJiiT^^<h 
7?>^T€r^SffiT*^;!>^ ±SBm2cD^®CD;5ffiHJ:0i5 

^ ti m ffi I c ^ $ n ^ CO T t i T^cf V ^ o 
[0 0 2 7 ] msco^scou^^r^Azi^mteffimaii^fe 
L^Tti. m2<Dmm(D:^m\z^y)^j^-^nrz^)'^t^K~ 
'Am^mn^tmm\z. mmwnmm^^\^\zmi^'^ 
ntz^mz^'^xm.rb^mzi^'^i'^tix^^^^o «ot, 
50 m^nnm<DWbm^(Dmm\z\^^mi)^^^\^x^y) . 
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fiE-=>r. mmmz^m^LtDf)^^^r^(D^mm'r^z. 

to 0 2 8] m3 0^ffilCi5V^TfflVie,n^ffi«)»»K 

CDUffiffl^RaH. 0. 0 1 MmR±T*^c:t7^W^ 

<«0. 0 1-2 um(D*QfflrtT^O, $ t>tC»^L< 
fiO. 1^2 MmO^SrtT^^o 

[0 0 2 9] :^^m\z^^f^mm\z\t. ^f-i^^y^oL.i^ 

mi&T^U\zm.isiVxh^\^^. rr^t)-^. ^j^^j^^^ 
mT^mm^mf^'t^zt\z^r)s mm\z^j^^A^m 

to 0 3 0] :^^m(D^j^^Aiz:iKimtk\t. ±m:^^m 
<D^ 1 (Drnm^Tcktm 2 <Dmm<o:Bmzj: 0 ijii^n;^^ 

Sffi ^ ;^ tt_bie*:»?q CD® 3 co^ ffi ^ Sa^ii^ «b fj: ^ 

to 0 3 1 ] ^^m<D^)^i7A-:fi:mm\zm\r^^mMn 

1. 2-z^/^h=^i^±^>. 1, 2-vXh^^vX3^> 

^^n^o ^/c. m^HO^HtUTti, L i PF6. 
L i BF4. L i CF3SO3. L i N (CF3SO2) 2, 
L i N (C2F5 S02) 2, L i N (CF3 SOz) (C4 
F9SO2) . LiC (CF3SO2) 3. LiC (C2F5 
S02)3. LiAsFe, LiC104. Li2BioCl 
io> L izBmC \ \zU^RU^tii(D^^^f)m^^ 
n^o ^^{zmmntLX. :^J^UX5^l/>:t4^'>K, 7}^ 
'J 7 i> U o X h U ^l-. # U :7 ft; b: X U ^ >U acD^ U 

L i I . L i 3N/^i:O^fiS@^m«H:^^0iJ^^n 
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[0 0 3 2] *SRgW<0 U Ax;^^m*(7)iES?£«lS t 
VX\t. LiCo02. LiNM02, LiMn204. L 
iMn02. L i C 00. 5N io. 502> LiNio.TCo 

0. 2 M no. 1 02 ;^cc ^<D u ^^ix^^m^^^mt^^^ 
unOit^E0:>^)'^o ix^^^i.x\^^t^\^^^m,mmi)^ 

10 x^^. 

[0 0 3 3] 

[5£^o*tfio?^ii] laiii. ^%m<omio:>mm\zi^ 
ommjLf^(D~m^mmT^rz}^(D}S^m^xh^. 

[0 0 3 4] m\ ( a ) {r^r J: -5 1::. 1 0 (0± 

t;:, fi&i^MSi^i i^i^^^muTj^^^nx^^^o mnw 

(l^^SLT. ffi«lSISRl 10*M1 1 ai\z^m^tm 

[0 0 3 5] mn^^mi o aoDndbco^gsi o c 

2(? fS^M^^^M 11a <7)EHldb<?3«eB 1 1 c <h 

\z. tesgsfg^i 1 b7:>^j^^^nTii-5o cs^^M^i 

I h\t. mn^nmi o a(^±tc»^:^^*m^n'5i^. 

nwm^l 0 ac?:>[HJdbCD^g5l 0 ct^^±.')j\zm^1j\^\ 

\z'figxs^x^\zmjiSL^riX\^'^^. 

[0 0 3 6] ^^^MJ^l 1 hX\t. ^^tm^^tz^. 

30 m<mnr^o ts^r, is^g^^i ib^sRWJix 

mmi^iotthiz. x.y^-ycf^tpi.zmm^it^zt 
^z^Ds ^i^nnmi i<D«aiss«i ib^x^y^> 

[0 0 3 7] 13 1 (b) {t. Z:(D^^\Zl.Xl&m&m.i$L 

I I b^xy^>c^}^rz'i^covtm^7jKrmmmxh^o 
mi (b) tc:^-r«i:'pic, &m&mi$.i ih^m^miz 
j^y^y^T^ztizj^K^. m^yjmz^mi 2-f)^]f^f^ 

ccD^SRsi 2iCci:-:?T. mmmumi i^^^m 
40 mzi^mr^zLLii^xt^. ^^nnm\i(owb^^ 
<Dmm\z\t. ^^1 2 7^^#SEbTi.^^Ac*i>, ^■^n\zx 
Offi^&K»KcD^/jN^i« 1 iTj^^H^SiUTt). ::n^-^c7) 
^HcDSfSl 2TKiRr>5C:<5:7!^^T#, ffi«;H?1l^cr)^ 

^\zx^)i:sti<Dn±^is^mr^:i^i)^x^^. tSox, 

[0 0 3 8] :^^§gHctnt^, ^^12^. JOS 

(^^»«<0t3(z. ^a6?^^$-l^Ti5< ;ii:7;^^T^^(Z) 

(D^m'PLtD(D^^^P5±r^ztf)^x^^o vt^<Dm 
50 ^m.nmz^\^^x^. ^m(D%WLnKmj.mz:i6\^^x. 
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\z^^mti^m^r^:ztf)^x*t. mmmz^m'^vi:> 

[0 0 3 9] 02li. *5£M<Dm2(D^ffiJca£'5»jSX 
g<D-W^SiW-r^fc8e>(DBfM@T*So 0 2 (a) X 
(b) 01 (a) RZS (b) t[^«T$>0. ffi^J 

nnmi Kom^-^mzm-a^i&mmm^i i b^rx^y 
^>^r^:zt\z^o. SKI 2f)m^^n. zo^m 

[0 0 4 0] m20^®Tti, CCDcfc-^lC^BSl 2;!»^?^ 
^^nfef£«jS»l»l l^rVX^tUX. OO 
Sffil 0 a^X^;/^>yr^C^:trctO. 02 (c) \Z 
^Tct^tC. m^^l 0(?^^ffil 0 ate, jUIS^J^^ 
T^o «13tl. ^BSl 2(::M!6LTJ^«$nTV^^o 
^Bil 2 0T*l3ig®T'5J:'5t3j^*^nT 

[ 0 0 4 1 ] « 2 <Dmm\zxn\fi. m^nmm ikdwl 
fbmi$,(Dmm\z^^i 2^^w^Lx\^^^(Dx\ ^wcm\z 

momm\zj:^mti^i&m'rhztf)^x^^o ^^\z. 
- ^m. 1 2 (DT:^<Dmmw i o <7)s® i o a \z{t. mi 3 

^t. mmfr 1 0<D«®f^]fitCi3V>T'b, 02 (c) \Z 

m'ELU'm^(omm\z^^^x\t. zcD^oUjt^t)^. mi 
3\z^r:>x^if5L'r^zti)^x^^(ox. mn»io\zm 

^r^(D^'$^{zmmr^ztf)^x^^o 
[0 042] :^nmcom 1 (Dmm--m s (Dmm\z^^f^ 
m^nmm(Dm^hmi$,om\t. o. 5-200^1x17?* 

[0 0 4 3] ^tz. ^^^<o'm2(Dmmmsm3(omm 

\z^n^^m,wnm(Dm(Dm^\t. 2--s umm^x^ 

[0 044] 

[^i^«?ij] Ji^T. ^^m^^mm\zmr5\.^x^^\zmm 
\zwimr^i)^:^^m\t&sy(Dnmm\z^^m^^t\^^ 

[0 0 4 5] ^T. s^^^CT^miCO^ffitCfiE-p^JS^itC 
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(^JSWlRr^ttRWl) 

(^ffifi$Ra = 0. 18 8/xin) ^ffll^fCo *m#^ 

1X1 0-3Pa«Tt;i^c^*TK?55l#L.;^«. TJl^rif 
;o >:tfX*«AP?&^^JE:^/^^0. 5 P a lc;^<c^*T®A 

HI : 1 5 cmCOX/;^^y^U yif^^X. W^l I um<D 

[0 0 4 6] :k\Z. ±l20<J:^{-bTf^i5bf^>-U3> 

U^»^A- l7K«Jfe^2 0 gCDSJ'&'C^lJPbMl^r^il 
i:(3<i:0iifiL./c:o TKK^kU ^'^ATK^^^CD^ag^^ 7 0 

[0 0 4 7] x.y'^y^mcDiy^j :=i>mm<Dmm'^^^ 
mmi^mwLmxmmi^tc. ms^t. jL^y^>^Wi(Dz^u 

?km^M (fg^7ooofg) x^^. m3f}^t>m^f)^r<ii 
^3\Zs i^^j zj>mm0:m<Dmi^h<D^mzYa'Dxm^:)j 
[^\z^mf)m^'^tix^o . z<o^m\z^o->')n>m 
mf)^&^(owLA^mm\z^wi^nx\^^^. ^^o^/hs^c 
cdtk^::'^!^ (mm:^\^) \z:f^^f^m\ti^4 ummmx 

30 

[0 0 4 8] tj:^. jiy^y^mm^vx. ^^^mmx 
[tT^mt^j'^^yj^yi^mm^m^^x^^^f)^. m^^ft. tks^ 
iti- h 'J 0 Jx7i(.mm. 7i<:mtti ^) o M.7i^mm. t>^x 
T7Kmmud^m^^xhmm\zjiy^>^r^:iti)^x 

[0 0 4 9] x.y^>':/^nrzy'j::i>mm\z^^^x. 

vrztc^. 1 1 1 7 us/cm^x^^ciif)mm'^ 
ntz. 

40 [0 0 5 0] :^y^>cf\^rzy')^'ynm^^m^tt 

h\Z2. 5cmX2. b cmO-k^-^lZ^^^iy. Z,tl 

^ 1 5 0 t:T 2 ^ra^^gjraiftjas UT, ^mm i 

tX^tz. 

[0 0 5 1 ];^£i5, It^omffi a: '>Ua>»^0 

<DmmwjL\zi^WBny')^>nm^^mj^\^rz. n^ntz 
y^):j>nmz'D\.^x. ^^mm^f-m^mxmmx.fz. 
04^5, %^nrzy^)zi>nm:(o^m^^^:f5\^ti^^^ 
Tzti'^o^^mM.f-m^m'^n {^mi o o ofg) t$> 

50 0 4 3&^b^^;!)^;'ci:ct^H, %n^^M(Dm^\zntt- 
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